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(54) Multitask processing system with variable dock rate for power saving 

(57) A multitask processing system which can fix 
clock within a system request by eliminating a problem 
that, because of switching of a corresponding system 
clock predetermined to a task being in a running state 
for the reduction of power consun^tion, the entire 
processing ability deteriorates if a plurality of task 
processing requests occur simultaneously This multi- 
task processing system comprises a clock rate deter- 
mining section for obtaining a system dock rate on the 
basis of task processing request tme information 
depending on a task to be executed arKj task managing 
information including the number of tasks and process- 
ing contents for each task and a clock producing section 
for pnxiucing a dock for operating the system in accord- 
ance with clock frequency information t>ased upon the 
rate determination. The clock rate determining section 
is equipped with a table in which a plurality of clock fre- 
quencies are set. so that the system dock rate is deter- 
mined by selecting one from the plurality of set dock 
frequencies on the basis of a time settled from the task 
managing information and the task processing request 
time. 
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Description 



BACKGROUND OF THE INVENTION 



£ 1 . Field of the Invention 

The present invention relates to a muHitask processing system to be mounted, for example, on mobile body com- 
munication equipment such as portable telephones, and particularly to a processor system for multrtask proce^.ng 
(pseudo multitask processing based upon time sharing), for example, a muHitask processing system which can bnng 
w about power saving in such a manner that a task processing time is adjusted to conform to the lowest dock rate (system 
clock) allowable in the system. 

2. Description of the Related Art 

Flq 24 is an illustration of an arrangement of a p, ior multitask processing system for the power saving. The feature 
of this prior example is that, taking into consideration the fact that a task to be executed does not always require a h,gn- 
speed operation and the power saving is achievable if the operation is conducted at a rate as low as possible wrth.n tne 
rate range allowable in that system, a mechanism is provided for registering and storing a system clock rate at every 
task to set the clocks on the basis of a clock registration status corresponding to a task in response to the o^gnat.o.^ 
20 of the task execution. In addition, in the case of no task to be executed, selection is made to the clocks with the lowest 

'^^^ More specifically for example, according to Japanese Patent Laid-Open No. 4-257010 shown in Fig, 2A^ sched- 
uler section 3A decides, at a step 31. whether or not there is a task which is '^"^''^J':^°ZTr^^fmt Elo'S 
advances to a step 33 to check a system clock designation storage sections 51 . 62 in a ■. DB (TASK DEFINE BLOoK; 

or ths likfi 

In this instance, the system clock designation storage section 61 retains high-rate clock information 61 A corre- 
sponding to some task, whereas the system clock designation storage section 62 holds low-rate clock information 62A 
corresponding to a different task. If the task being executed needs a high-speed operation in the TDB, the high-rate 
clock information 61 A is read out at the step 33, and a clock s^^itching section 4A checks the present clock at a step 4. 
3D and, If needed, switches over the dock to a high-rate dock at a Step 44. ^. . ,^,=..4... 

If a low-speed operation is needed in the TDB, in the same way the clock switching section 4A changes ove, to ^ 
low-rate clock, if required, at a step 46. On the other hand, if no task to be taken is present, it sets the clock to a low- 
rate dock at a step 42 to produce an HALT condition tor the power saving. 

As mentioned above, the low-rate dock is taken at other than task execution, and even at the task execution ttie 
35 low-rate clod< is employed at as many cases as possible through the TDB storing the corresponding cocks, thus 

^''Tc^SS'ing to'tti^e°prtor^3task orocessing system thus an-anged. the system dock information is stored at eveo' 
tasK whUe the operation is merely conducted sudi that the corresponding clod<s are set in response to the processing 
request tor a plurality of tasks and is not always completed within the time the user or the system requires, i.e. . within 
,0 the time limited, for example, in mobile body communication equipmem. Besides, difficulty is expenenced to guaramea 
the power saving for the entire task processing time. 

SUMMARY OF THE INVENTION 

Accordingly tne present invention has been developed with a view to eliminating the above-mention«i problems, 
and rt is an object of the present invention to provide a multitask processing system which is =^able o^ taking an 
Sprocesdnitime as wellasadiievingtiie power saving taking into consideration the request time and execution tim.. 

allowable in the system irrespective of «ie execution request for a plurality of tasks. 
Tmul task processing s^r. according to this invention comprises task request means for issu.g a task r^uest 
so when a task to be execut^ anses in the system and further for communicating task processing 

tion depending on a task to be executed, task managing means for controlling processing aoer of tasks « CPU proc- 
esses and further for issuing task managing information. clod< rate determining means for aeternr„ning a low- ate and 
^ti^?doci friuSncy on tine basis of the task processing request time information and the task manag-no imorma- 
tTn'rld cSpr^^^^^^^^ for produdng a clod< signal corresponding to the dod. f requency and further for sup- 

'''''"plrt^el-mcS' a multitask processing system according to thte invention comprises task requ^t means for issuing 
a JkCuest v^en a task to be execut'ed arises in the system and further for communicating 
time information depending on a task to be executed, task managing means tor controlling processing orde. of .as » 
CPU rinses and further for issuing task managing information, clock rate determining means for stonng a reques. 
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time for each task in a request time register on the basis of the task processing request time information and the task 
managing information, a supply voltage table for storing a task execution time in relation to a ajpply vottage and a sys- 
tem clock at every task, and supply voltage contrd means for controlling a supply voltage in the system, wherein in 
response to issue of the task request the task managing means makes a change request tor change of the suf^ly vott- 

f age in the system toward the supply voltage control means referring to the request time register, the supply voltage 
table and a stable time taken until the supply vottage stably takes a given voltage value. 

Still further, a multitask processing system according to this invention connphses task request means tor issuing a 
task request when a task to be executed arises in the system, task managing means for controlling processing order of 
tasks a CPU processes and further for issuing task managing infomiation. communication coritrol means for controiling 

70 a communication resource and further for issuing communication state information, clock rate determining means for 
determining a low-rate and optimal clock frequency on the basis of the comnujnication state information, and dock pro- 
ducing means for producing a clock signal corresponding to the clock frequency and further for supplying it to the CPU. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an illustration of an arrangement of a multitask processing system according to a first embodiment of the 
present invention: 

Fig. 2 is an illustration of a detailed arrangemem of clock rate determining means shown in Fig. i ; 
Fig. 3 is a flow chart showing an operation of the clock rate determining means of Rg. 2; 
a- Fig. 4 is an illustration of an arrangement of a multitask proofing system according to a second embodiment of 
this invention; 

Fig. 5 is a flow chart showing an operation to be conducted in the multitask processing system of Fig. 4 according 
to the second embodiment when a task to be executed occurs; 

Rg. 6 is a flow chart showing an operation of the Fig. 4 multitask processing system according to the second 
25 embodiment at the occunence of regular interruption processing: 

Fig. 7 is a flow chart shovwng an operatk>n of the Fig. 4 nujititask processing system according to the second 
embodiment at the completion of task processing under execution: 

Rg. 8 is a flow chart showing an operation of the Fig. 4 multitask processing system according to the second 
entKdiment taken for when a CPU uses a resource through task processing being in execution; 
5C Fig. 9 is a flow chart showing an operatbn of the Fig. 4 multitask processing system according to the second 
embodiment at the notif cation of the processing completion of a task; 

Fig. 1 0 show/s an arrangement of a multitask processing system according to a third embodiment of this invention: 
Fig. 11 is a flow chart showing an operation of the Fig. 10 multitask processing system according to the third 
en^odiment at the occurrence of a task being executed; 
'35 Rg. 12 is a flow chart showing an operation of the Fig. 10 multitask processing system according to the third 
embodiment, taken for when a CPU uses a resource; 

Rg. 13 is a flow chart showing an operation of the Fig. 10 multitask processing system according to the third 
ent)odiment at the notification of the processing completion of a task; 

Rg. 1 4 shows an arangement of a multitask processing system according to a fourth emtjodiment of this invention; 
40 Fig. 15 is a fbw chart showing an operation of the Fig. 14 multitask processing system according to the fourth 
emtKXliment, taken for when the user designates a rate of Ul; 

Rg. 16 is a flow chart showing an operation ot the Fig. 14 multitask processing system according to the fourth 
embodiment, taken for when a clock frequency under execution varies; 

Rg. 17 is a fbw chart showing an operation of the Fig. 14 multitask processing system according to the fourth 
45 embodiment, taken for when dock frequency information is communicated to Ul rate calculating means: 

Fig. 18 is a flow chart showir^ a clock rate determining operation in the Fig. 14 multitask processing system 
according to the fourth enrtoodiment: 

Fig. 19 illustrates an arrangement of a multitask processing system according to a fifth embodiment of tNs inven- 
tion; 

50 Fig. 20 is a flow chart showing an operation of the Rg: 1 9 multitask processing system according to the fifth ennbod- 
iment. taken for when a task to be executed arises; 

Fig. 21 illustrates an an-angement of a multitask processing system according to a sixth embodiment of this inven- 
tion: 

Rg. 22 illustrates a detailed arrangement of clock rate determining means shown in Rg. 21 ; 
55 Fig. 23 is a flow chart showing an operation of the dock rate determining means in the Fig. 21 multitask processing 
system according to the sixth embodiment vtfhen being in a communication conditbn; and 
Fig. 24 is an illustration of an arrangement of a prior multitask processing system. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



First Embodiment 
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Rg 1 is an illustration of a basic arrangement of a multitask processing system according to a first errtoxl.men. o, 
the present invention. In the illustratton, nurr,eral l represents a multitask processing system, ""f ^^^^ t 

CPU which is capable of multitask, numeral 3 denotes task request means lor making a request tor a task the CPU 2 
performs and a pracessing time, numeral 4 depicts a task request issued from the task request '"Sf 3^ nume al 5 
Sds for task processing request time information coming from the task request means 3. numeral 6 indicates ask 
nSnling Sans for managing the processing order of taste 

the CPU 2 accomplishes, numeral 8 signifies task managing intormaton issued from the task managing means 6, 
numeral9is indicative ofaclockratedetermining means for detemiiningaclockrateon the basrsotheta^^^^^ 
riuest time information5and the task managing informations, numeral lOisrepresentaiveofacm^^ 
mation obtainable from the clock rate determining means 9, numeral 11 expresses a dock signal fed to the CPU 2^ 
numeral 12 describes an oscillator (vibrator) for generating a basic clock for the clock ^'^^f J^ f *^ ""^^^^^^ 
denotes clock producing means for producing the clock signal 1 1 on the bas.s of the bas.c clock from he oscillator 1 2. 

Fig 2 is a blockdiagram showing a detailed arrangement of the clock rate determining means S. In F g. 2, numerc^ 
14repLentsarequest time register for storing the task processingrequest time information5.n^^^^^^^ 
a pr^essing cioTnumber tatte retaining the numbers of prr>cassmg clocks (for example 50 1 00^200. • ;) -"Jen f or 
all the tasks to be orocessed in the multitask processing system 1 , numeral 16 denotes a clock number register tor stot- 
rr^g^enumrso°processingc^ 

information 8 referring to the processing clock number table 15. numeral 17 depicts a clock, frequency table re«.mng 
written clock frequendes (for example. 10 MHz, 12.5 UHz. 20 MHz, ..,) the clock producing rneans 13 can pro^ce^ 
nurrieral 18 shws execution time calculating means for calculating ah execution time for a task, numeral 19 .nd.cates 
cloXiLrTerating mean, for refemng to the Cock frequency table 1 7 to o^rate .he e^«-e 
meansTs and L dod< frequency value for use in the dock pralucing means 13, numeral 20 stands for a c od. fre- 
quency register for storing clock frequency data to be used in the execution time calculating means 18. numeral 21 rep- 
^se^ a^dod. execution'frequency register for stonng frequency information to be outputted J'^J^^^^^^ 
information 10, numeral 22 denotes an execution time register tor storing an execution tome for each t^k 0Dte»ied 
Z^^hL execution time calculating means 18, numeral 23 depicts proces^ng time decsK^n rneans ^r^f^gB 
dS on comparison between a request time for the corresponding task stored in the r^uest time ^eS'^JV^^ and 
TLlau^m time for a task stored in the execution time register 22. numeral 24 shows decision result in^ormaton 
StSSbJ the processing time dedsion means 23. and numeral 25 irxiicates a decision result register tor storing the 

'"ll^y It ret°^ce to F'^s. 1 and 2, a description will be taken hereinbelow of an operation o, the system 

''"n ;;rm« 'pSSg system 1 , when being in a task waiting condition, the dod. proludng m^ns 13 pro- 
duces In iSon clock through the use of the oscillator 12 in a manner that the init^l value of the dock frequency 
SSfon?Saed in the clolkfrequency register 20 and the dod< execution frequency ^^^.^l 
determining means 9 Is treated as an indication value, and the indication clock is inputted as tne cod. signal 1 1 to the 
CPU 2 The svstem operates on the basis ot this produced ciocK. 

in casSSe^ atask arises, the task request means 3 sends the task request 4 to the task managing rneans 6 
and ur" r'Llrthe task processing request time ,nformatk.n 5 to the cIock ^-^^^^^^^^ 
Lk obtained by the task>equest 4 is only one in number, the task managing means o sends ttnat ^^^^^^ 

tesk 7 to the CPU 2. On the other hand, if a pluralrt)- of tasks are attained by the task request 4, rt supplies In. CPU 2 
thrrriective tasks as the execution tasks 7 in order wrthin a predetermined period of time. At this tme. wnen the 
Tafk to be?c«eii occurs or when the task is completed, that is. the number of tasks van^, the task manag.ng 
T^X 6 dSrsIhe task managing information 8 Including the number o1 tasks to be executed and the processing 
contents for the respective tasks to the dod< r«te determining means 9 each t.me^ 

in the dock rate determining means 9, the task processing request time information 5 (♦"example^ the time 
needed f^r the limitation to the con^unication in a mobile body communication equipment) speafied b^^^^^^^^^^ 
dLrmined in advance by thesystem request at every task is stored ^-^1'^''^'^::^^^^^^^^^^^ 
ther the numbers of docks are summed referring to the processing dod. number table 15 on the basis of .ns task 
Dro^i^rTOTrt^s obtained from the task managing irrformation 8, and the rtumb.er of ciocks to be executed at every 
S^stmS^Jn me Clock number register 16. The execution time calculating means 18 calculates the task execution 
fme Sfs SL-task ofV^s rZ^^^^^ in accordance with the Idlowing equation 1 on the basis of the number or 

ZSsinXS- lor ^ch^sk stored in the dod< numbet registe, 16 and the "do* frequency" storec in tne dock 
frequency register 20. 
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task execution time at single-task = number of processing clocks for each task/clock frequency (EQuation 1 ) 

Subsequ^ly. the processing time at multitask for the respective tasks, i.e.. the task execution time, is calculated 
on the t>asis of the number of tasks obtained from the task managing information 8 and the cycle time {= time slot 
number of tasks) at multitask obtained from the time slot at the time of multitask processing, and stored in the execution 
time register 22 - 

task execution time at single-task /time slot time = quotient ...remainder (Equation 2) . 

\ task execution time = cycie time * quotient + remainder . (Equations) 

The processing time decision means 23 makes a decision on comparison between the request time for the corre- 
sponding task stored in the request time roister 1 4 and the execution time for tiie corresporwiing task stored in the exe- 
cution time register 22, and sends the decision result as the decision result information 24 to the decision result register 
25 of the clock register operating means 19. 

The clock register operating means 19 delivers as the dock frequency infornoation 10 the data stored in the clock 
execution frequency register 21 to tine clock producing means 13 in the case that confirmation is made from the con- 
tents of the decision result register 25 such that the execution times for all the tasks are shorter than the request times 
for all the tasks (that. is. each execution time calculated at every task is shorter than each request time at every corre- 
sponding task) and the clod< frequency data stored in the clock execution frequency register 21 is tiie lowest-rate clock 
frequency satisfying the respective request times for ^1 the tasks. 

The dock producing means 13 produces a dock witii a frequency corresponding to tine clock frequency information 
10 through the use of the osdilator 1 2 and sends it as the dock signal 1 1 to the CPU 2. The CPU 2 conducts processing 
at a frequency corresponding to the necessary lowest rate, so that the multitask processing system 1 consumes tiie 
necessary minimum power. For tiie power saving, in tiie system the task processing request time information is set to 
be as long as possible while short task processing request time information is set only for the task requiring quick 
processing. 

Fig. 3 is a flow chart showing an operation for the determination o1 the dock rate in the clock rate determining 
means 9. The clock rate determining operation will be described with reference to Fig. 3. 

The lowest-rate clock frequency, of the clock frequendes written in the clock frequency table 1 7, which allows the ^ 
operation of this multitask processing system 1 is stored as the initial value in the dock frequ^cy register 20 and tiie 
clock execution frequency register 21 (step S1 01 ). 

In cases where the task processing request time information, togetiier with the task managing information 8. is 
communicated to tiie clock rate determining means 9. as mentioned before the nunrtor of processing clocks and tine 
request time are stored in the clock number register 16 and tiie request time register U at every task. As the initial con- 
dition after the tuming-on of the power supply tiiis multitask processing system 1 visits for the occurrence of the task 
request 4 at tiie lowest-rate cbck frequency (step S1 02). 

On arrival of the task managing intornrtation 8. the dock rate determining means 9 specifies a task a for which the 
execution time is calculated (S1 03) ("step S" will be referred hereinafter to as S). and tfie execution time for the task a 
is calculated in accordance witfi the equations 1 . 2 and 3 on the basis of tiie "number of processing docks" for the task 
a in tiie dock number register 16. tiie "clock frequency" stored in the dock frequency register 20. the total number of 
tasks to be processed, and others, witii the calculated execution time being stored in the execution time register 22 
(SI 04). 

Furthermore, the processing time decision means 23 deddes the relationship in magnitude between the execution 
time data for the task a stored in the execution time register 22 and the request time data for the task a stored in tiie 
request time register 14 to gain the following decision resutt (SlOS). 

request tirhe > execution time • • • 0 

request time ^ execution time • • • i 

For example, in the case of request time = 400 ms. number of processing docks = 1 000, dock frequency ^ 1 0 MHz. 
total number of tasks = 5. and time stot time at multitask = 10 iis in terms of the task a. using the equations 1 . 2 and 3. 
the above-mentioned concrete values are substituted thereinto to obtain the following equations 4. 5 and 5 whi:h in 
turn, provide the following equation 7. 

1000/10 MHz = 100 us (Equation 4) 



100 ^s/10 us = 10 ... remainder 0 



(Equation 5) 
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10 MS ♦ 5 * 10 + 0 = 500 us (Equation 6) 

400 us (request time) < 500 ms (execution time) (Equation 7) 

5 In the case that the decision resuK assumes the equation 7jhe processing by the CPU 2 does not sati^^^^ 

required for the task a. ^. - . „^ - u- u 

Still further, check is made whether or not the frequency data (f) in the clock frequency register 20 is the highest- 
rate frequency (maximum value) of the frequency data written in the clock frequency table 1 7 (S1G6). 

The case of the highest-rate frequency signifies that the task processing request time information 5 and the number 
10 of tasks to be processed exceed the ability of this multitask processing system 1 , the frequency data stored in the clock 
frequency register 20 is copied into the clock execution frequency register 21(5107) and is then outputted as the clock 
frequency information 10 to the clock producing means 13, Thus, in this multitask processing system 1 the C^'U 2 oper- 
ates on the highest-rate clock signal 1 1 produced in the clock producing means i 

On the other hand, in the case that the frequency data stored in the clock frequency register 20 does not corre- 
15 spond to the highest-rate frequency (the maximum value), relerring to the clock frequency table 17 the frequency data 
to be stored in the clock frequency register 20 is raised in rate by one rank (Si 08). 

After this, comparison is made between the frequency data stored in the clock frequency register 20 and the fre- 
quency data stored in the dock execution frequency register 21 (Si 13). 

When both the data are equal to each other, the frequency data stored in the clock execution frequency register 2i 
2C is the optimal value which can satisfy the request time, thus coming into the state of waiting for the task managing infor- 
mation 8 (S102) ^ , ^. ■ 

On the other hand, if the value of the clock frequency register 20 and the value of the clock execution frequency 
register 21 are not m the equal relation to each other, that is, when the value of the dock execution frequency register 
21 is smaller than the other, the calculation of the execution time (8104) and the comparison with the request time 
2' (S105) are again made. This operation is repeatedly conducted until the decision resuH = 0 

In the case of the decision result = 0. check is made whether or not the decision is made for all the tasks to be proc-^ 

^^^1^ thi case that the task to be processed is only the task a. the decision result = 0 means the confirmation that the 
execution time is shorter than the request time, and hence the frequency data stored in the dock frequency register 20 
is copied into the dock execution frequency register 21 (SliO), The data stored in the clock execution frequency regis- 
ter 21 is outputted as the clock frequency information 10 to the dock producing means 13. 

In the case that the task (a, bf c ...) to be processed still remains (Si 09). the above-mentioned operations (Si 03). 
(S104) (S105) (3106), (S107). (S108) and (S113) are conducted for all the tasks. When the decision result =^ 0 ts 
attained in terms of all the tasks, this signifies the confirmation that the respective execution times for all the tasks are 
shorter than the respective corresponding request times, and therefore the frequency data stored in the clock frequency 
register 20 is copied into the clock execution frequency register 21 (Si 10). The data stored in the clock execution fre^ 
quency register 21 is outputted as the cIock frequency information 10 to the clock producing means 13. 

Following this the clock rate deter minino means 9 refers to the dock frequency table 17 to check whether or not 
the frequency data stored in the clock frequency register 20 is the lowest rate (the minimum value) (S111), If not tne 
lowest rate, the frequency data to be stored in the clock frequency register 20 is modified to the frequency-data lower 

by one rank (S11 2). , 

Furthermae in the same way as mentioned above, the calculation of the execution time and the comparison witn 
the request time are made in terms of all the tasks. At this time, ii the execution time exceeds the request time, tne value 
stored in the clock execution frequency register 21 shows the optimal ciock: frequency tor the task request 4. Wnen tne 
45 value of the clock frequency register 20 is raised by one rank (SI OS), the value of the clock frequency register 
becomes equal to the value of the clock execution frequency register 2i . and through the companson between tne val- 
ues of the clock frequency register 20 and the clock execution frequency register 21 (Si 13), the operation gets into the 
task managing information 8 waiting condition (Si 02). ' 

in the case that at Sill the frequency data stored in the clock frequency register 20 is the lowest-rate cIock fre- 
quency at which this multitask processing system 1 can operate, the ciock rate determining means 9 completes a series 
of operations and waits for the arrival of the next task managing information 8. 

Through the above-described operations, the clock rate aetemiining means 9 supplies the ciock producing means 
13 with the lowest-rate clock frequency information 10 satisfying all the corresponding request times n terms of a« the 
tasks to be processed ('ri one task processing is completed, all the tasks to be processed other than.tnat task), wHh the 
55 clock producing means 13 supplying the necessary lowest-rate clock signal 1 1 to the CPU 2 which in turn, executes the 
task processing at the necessary lowest rate, with the result that the multitask orocessing system i according to this 
invention consumes the necessary minimum power. - ^ .u 

That is. the multitask processing system according to this first embodiment achieves the power saving or the entire 
system by employing the tow rate and by selecting the optimal system clock. 
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Second Embodiment 

Referring to Fig. 4 a description will be made hereinbelow o1 an arrangement o1 a multitask processing system 
according to a second embodiment of the present invention. Fig. 4 shows an an-angement of a multitask processing 
5 system including a plurality of power-consuming resources (peripheral devices such as an LCD panel, a modem, a 
speaker, a micrc^hone) , which b capable of accomplishing the power saving. This multitask processing system has 
some means in addition to the arrangement of the multitask processing system according to the first embodiment. 
In Fig. 4. numeral 201 represents a used resource decision means for deciding a resource the task uses in accord- 
. ance v/ith the task procesang contents, numeral 202 designates power consumption calculating means for calculating 
10 power consumption oi a resource, and numeral 203 denotes primty determining means for deterrraning the order of pri- 
ority of (prioritizing) tasks on the basis of the power consumption information on a resource. Further, numeral 204 
deptas resource control means tor controlling a group of resources, and numeral 205 Indicates a group of resources 
such as an LCD panel, a modem, a speaker, a microphone, I.e.. a plurality of resources, to be controlled Ijy the resource 
conirol rrieans 204. These means are newly added, whereas the CPU 2. the task request means 3. the task managing 
75 means 6. the clock rate determining 9, the oscillator 1 2 and the clock producing means 1 3 are the same as those of the 
above<Jesciibed firsl embodiment. 

Secortiiy. a description will be made hereinbelow of an operation thereof- The description begins with symbols 
which wit! be m use. For example, let it be assumed that the system includes the following resources: 
.{an LCD, a hard disk, a CD-ROM, a printer, a modem) 
20 . Furthermore. Character i (C used as a task identification number arid let it be assumed that the total number of tasks 
m = 3 and Vne tasks i (i = t . 2. 3) respectively uses the following resources. In this case, these resources are for the 
purpose oi describing the following syrmols but not realizing this embodiment. 

task 1 LCD. hard disK . pnntei 
25 task 2 hard disk 

.task 3 LCD, CD-ROM. primer, modem 

The next symbols signify the following meanings. 

n(i) denotes the number of resources to be used for the task i. Accordingly. n(1 ) = 3. n(2) = 1 and n{3) = 4. Assuming 
30 that character j represents an identification number of a resource to be used for the same task a resource (i. j) repre- 
sents the jth resource used for the task i. However, if it is possible tO' identify the resource, the order of the resources 
belonging tc the same task is free. The respective above-mentioned resources are expressed as follows. 

resource (1. i) = LCD, resource (1,2) = hard disk, resource (1. 3) = printer: 
35 resource (2.1) = hard disk; and . . * " 

. resource (3, 1) = LCD. resource (3. 2) = CD-ROM. resource (3, 3) = printei-, resource (3. 4) = modem 

[1 n(i)] denotes a set of identification numbers of the resources from 1 to n(i) to be used for the task i. 

n..n(1)]MT.2.3]: 

[1 ..n{2)] = {i];and 
40 [1 ..n(3)] = {1.2. 3.4) 

Furthermore, resource (i. [1 n(i)]) represents a set of resources used for the task i. In the above-mentioned con- 
crete example, they are as follows. 

45 resource (1, (1 n(1)]) 

= {resource (1,1). resource (1 , 2), resource (1 . 3)) 

= {LCD. hard disk printer) / 
resource (2. [1 .. n(2)]) 
= {resource (2, 1)} 
£0 = {hard disk) 

resource (3. [1 n(3)]) 

= (resource (3, 1). resource (3. 2), resource (3, 3). resource (3, 4)[ 
= (LCD. CD-ROM, printer, modem} 

55 . . Still further, resource (i = [1 .. m). (1 „ n(i)]) describes a set of resources to be used for all the tasks, in the case of 
the above-mentioned conaete example, they are as follcws. 

resource (i = [1 .. m]. {1 n(i)]) 

= resource (1, [1 n(l)]) + resource (2, [1 .. n(2)]) + resource (3. [1 n(3)]) 
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SB 



= {[LCD, hard disk, printer), {hard disk), {LCD. CD-ROM, printer, modem}} 

Thus, the power consumption (resource (i, j)) denotes the power consunption °' j*^^^;^^^^^^^^ i;,^,;;^ 
the power consumption (resource (i = [1 .. m], (1 .. n(i)l) signifies the power consumption of each of the resources .n the 

^pXtojStikti? power consumption (resource (i, ,))(. represent 
in the atove-mentioned concrete example, they are as follows. 

. P(i) = power consumption (resource (1,1)) + power consumption (resource 1.2)) + power consumption (resource 

= pwer consumption of LCD + power consumption of hard disk + power consumption of printer; 

P{21 = power consumption of hard disk; and „™„„r^^r, 

F(3) = power consumption of LCD + power consumption of CD-ROM ^ power consumption of printe, + powei con- 

sumption of modem 

Fig 5 is a flow chart showing an operation to be taken fo. when a task to be executed arises in multitask 
procSng syste^ Refemng to this figure, a description will be taken hereinbeiow of an operation .aken for when the 
task! to be executed occurs in the multitask processing system (S211). , ,r,r„o\ 

The task request means 3 informs the task managing means 6 of the task i request (S21 2). 

SubsSuSr*." task managing meanseinfomiedgetstheprocessing com 
ton S ^task i H^iS (S213)' .n this case, the task i processing contents (i) are *je same as the task processing 
contents induced in the task managing information 8 in the above^lescribed first ^'^^ 

Furthermore the processing contents (i) is communicated to the used resource decision means 201 (S215). 

^Sr.^ri^?=rdecision'means 2o\ makes out a l,st of the resources used on the basis of tl- P-^-S co- 
tents O)t^obtain the resource (I, [1 . n(i)]) (S216). There is a possibility of using the same resources as tnose for the 

°**'l?^er, the used resource decision means 201 informs the power consumption calculating means 202 of the 

'""^Fur^eie" tSi pS,?r consumpton calcu^ting means 202 measures and obtains the respective power con- 
sumotion's (resource (i, [1 .. n(i)]) of the respective resources (i, (i .. n(i)]) (S21 8). 

T addition, the povler con^mption calculating means 202 informs the pnonty determining means 20. of the 
rP«iource (i ri nfi)l) and the power consumption (resource (i. [1 n(i)]) (S219). 

X iis, the priority determining means 203 registers the resource (i, [1 ,. n(,)l) and the power consumption 
frp^inurcefi n nfi)!) as the resource intomf^atiop for the task i (S220). - - 

^ ^n allion ■ the iio?ity determining means 203 determines the priority o«f er (priority le.el) of the resp«:tive t ste 
in the o^eJo^deJe^aslng'the value d the task i power P(i) according to the following - « 
resources (i - [1 ... m] , [1 ... n(i)] and the respective power consumption (resource (i, [l .. m], [1 .. n{i)]) for the respectve 
tasks (S221). 

power P(i) for taski=x power consumption (resource(i,j)) (Equations) 

(X denotes the resources up to n(i) when j = 1) . 

-Moi^over. the pr.ority determining means 203 informs the ^as^^-^^^ing n^^s 6 the^iijd priority ordr 
for the respective tasks (S222), following up with the termination of the operation (S.23.. in tnis case, the pnori.y o. 

^'°^4%^r;Sc::.^^^^^^^ 

Selollowing description, k(t-1) and k(t) denote task identifcaBon numbers, respectively, and k task Ki-1) and a 
"^'SilllktS^^^^^^^^^^^^^ task k(,-1) under execution when a regu.r in,err^>tion processing 

°'TuSore the task manaoing means 6 determines the task k(t) to be executed next, on the basis of the priority 

and the execution instruction (S227), ^™-;„n /c:o?o\ 

The CPU 2 carries out that task k(t) (S228), thereafter terminating the piocesang (S22.) 
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Fig. 7 is a flow chart showing an operation (the processing for deleting the irrfonnation on the completed task) taken 
for when the task k(t-1) under execution is completed. Refening to this drawing, a description will be made of an (der- 
ation taken at the completion of the processing of the task k{t-l) under execution (S230). 

The CPU 2 informs the resource control means 204 of the conpletion of the processing for the task k(t-1 ) (S231). 
5 In addition, the CPU 2 also infomis the task managing means 6 of the completion of the processing for the task k(t- 
1)(S232). 

Furthermore/the task managing means 6 communicates of the completion of the processing for the task k(t-1) to 
the priority determining means 203 {S233). 

The priority determining means 203 delete the resource information on the task k(t-1) (S234). thus terminating the 
70 processing (^5). 

Fig. B is a flow chart showing an operation taken for when the CPU uses the resource r in the processing for a task ; 
q under execution. Refen-ing to this drawing, a description will fc)e taken hereinbelow of an operation in the case that the 
CPU uses the resource r in the processing for the taskq under execution (S236). In this case, r represents a resource 
identification number, and the resource r is one of the resource group 205. 
75 The CPU 2 informs the resource control means 204 of task q identification information (such as a task numb©" for 
identifying the task) and an operation instoiction on the resource r (S237). 

Subsequently, the resource control means 204 decides whether that task q identification information is registered 
or not (S238), and if already registered, the processing comes to an end (S242). 

Otherwise, the resource control means 204 records the task q identification information (S239). 
20 Furthermore, the resource control means 204 decides whether or not the resource r is in operation (S240). and if 
being in operation, the processing comes to an end (S242). 

If not, the resource control means 204 places the resource r into operation (S241 ). before finishing the processing 
(S242). 

Fig. 9 is a flow chart showing an operation (the processing for deleting the information about the completed task q 
25 as well as the case of Fig. 7) taken for when the CPU 2 informs the resource control mear^ 204 of the completion of 
the processing for the task q. Refening to this drawing, a description will be marie hereint)elow of an operation taken at 
the notice of the task q processing completion from the CPU 2 to the resource control means 204 (S243). 

The resource control means 204 deletes the identification information on the task q processing-completed (8244). 
Furthermore, the resource control means 204 decides whether or not the same resource r is in use by the other 
3c tasks (S245). and if used, the processing comes to an end (S247). 

Othenwise, the resource control means 204 stops the resource r (S246), then terminating the processing (8247). 
According to this second embodiment, the order of priority of the tasks requiring a large power consumption is 
raised so that the tasks are prelerentialiy executed to shorten the pnxessing time for the tasks needing a large power 
consunrrption. with the result that the power consunption of the system lessens 
2S Incidentally, although in this second emtxxiiment the power consumption of each resource is measured in S218 of 
Fig. 5, it is also appropriate that the power consumption of the respective resources are previously prepared as fixed 
values in the form of a table, and that table is referred to for the power consumption. 

Furthermore, although the order of priority of the respective tasks is determined in the order of decreasing power 
P in S221 of Fig. 5, taking into consideration the fact that the power consunption is reducible in such a manner as to 
40 complete the task involving a large power consumption for a short time or execute the tasks using the same resource 
in parallel, it is also possible that through the use of a different well-known means the processing order of the respective 
tasks is determined so that the power consunnption comes to a minimum. For exanple, rf a plurality of tasks take the 
same resource, the parallel executions thereof can shorten the pnDcessing time, thereby lessening the power consump- 
tion. When the task using a resource of a large power consumption is intensively executed, finally the task processing 
45 time can be shortened to reduce the power consumption. 

For example, let it be assumed that there reside a 10 minute task A using an LCD panel as a resource and a 10 
minute task B not using resources at ali. At this time, the total time for the multitask processing is 10 minutes + 10 min- 
utes = 20 minutes, and the power supply for the LCD panel is in the ON state fa 20 minutes. On the other hand, when 
preferentially processing the task A, the total time for the multitask processing is 10 minutes ^ 10 minutes = 20 minutes 
50 as well as the above case, whereas the power supply for the LCD panel is in the ON state for only 10 minutes because 
of first preferentially processing the task A, whk;h time is half the time taken in the above case. 

According to this second embodiment, even rf the tasks cause the difference between the power consumption, it is 
possible to appropriately execute the tasks and to use the nujititssk processing system for a longer period of time owing 
to the reduction of the power consumption. 
55 In addition, according to this second embodiment, it is possible to accomplish the power saving due to the neces- 
sary lowest rale system clock and the power saving due to the prioritization based upon the power consumption of the 
resource 205 in the multitask processing. 
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Third Embodiment 



sump calculating means 202, and the priority determ.ning means 203, the 

resource 205 are the same as the corresponding components In the above-described second embodiment. The other 
components are tne same as those in the above-mentibned llrst embodiment. 

Spconbl V a descrlDtion will be made hereinbelow ot an operation ther eot. 

rri^L'a«.ar^art snowing anoperationta^ 
system. Re<e.nng to this d.awing, a description will be taken of an operation taken for wher, a task , to oe processed 
occurs in the motinask processing system (S301). .xu\,>i.-,««„«ct^c;on9S 

First the task request means 3 informs the task managing means 6 of the task . request (S302 . 

On Lc^i^t^^^^ the task managing means 6 obtains the processing contents (I) tor the task , from the task 

' '"'"sS'uS'L usk managing meanse 

''ThSttThe'liS'limioned S305 the task managing means 6 sets the priority of the task i to a noddle level 
in thSt se Co^^Ze I p..,cu.a. meaning, and if other factors reside, it is possble to set the priorrty thereof fo 
an artAfitiatp ievet takinc the other factors into consideration. 

S S^Sn taKen tor when the regular interruption processing occurs in the murtrtask processing system for the 
Duroose of switching the task (S224) is the same as that of Fig. 6. „u*«»h /Qo-im « 

^ addition, the operation taken tor when the processing for the task k(t-1) under execution is com,^eted (S230) is 

'I'X cSart Showing an operation taken lor when the CPU uses the resource r for the P^^cessinS f ^^^^ 
task q under exSon. Reterrino to this drawing, a desaiption will be made of an operation taken for when the CPU 

^ ... . and . operation 

■'""u^entS -^^^^^^^^ -ans 204 checks whether the task , identHication information is registered or 

not (S309). and if already registered, the operation comes to an end (S319). 

If not he resource control means 204 registers the task q identrf.cat.on information (^10)^ 

Following this, the resource control means 204 decides whether o, not the resource r is .n operation (S3l 1), and i, 

tificaton information on thetask qand the operation information on the resource r tc thepowe, consumption calcuiatins 
"''^eMhf p;,wer consunption calculating means 202 measures and attains the power consumption of the resource 
' '"'pulemnore the power consumption calculating m.eans 202 informs the task q identHication information and the 

-:rthn:°prSr;:ra=r^^^ 
''r.rd=pS.t^^^^^^^^^^^ 

of the following powers P(i) for thetask ion the basis of the resources (. = [1 .m].[, n(0]) tor the respect 
and the power consumption (resource (i = [1 ■ rnj, [.1 .. n(i)]) (S31 7). 

power P(i) for task.i = S powei consumption (resource (i. i)) (S signifies j = 1 to n(i)) 
. Moreover, the prbrity determining means 203 informs the task managing ".e^s 6 of the determined priorrty order 

^'-^P^Ti^^firr^^ 
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204 (5320). 

The resource control means 204 deletes the identification information on the taskq (S321). 

Furthermore, the resource control means 204 decides whether or not the other tasks use the resource r {S322), 
and if being In use. the operation terminates (SS24). 
£ If not. the resource control means 204 stops the resource r (S323), and the operation comes to an end (S324). 

Incidentally, although in the third embodiment the power consumption of the resource is measured and obtained in 
S314 of Rg. 12. it is also possible that as in the case of the above-described second embodiment the power consunrp- 
tion of each resource is prepared in advance in the form of a tat^e so that the opo-ation is conducted with reference to 
this table. 

70 Still lurther. although at S317 of Fig. 12 the priority order of the respective tasks is made in the order of decreasing 
the powers P(i) of the tasks i. it is also possible that as well as the above-desaibed second embodiment through the 
use of a different well-known means for reducing the power consunption the order of processing tor the respective 
tasks are determined so that the power consumption comes to a minimum. 

That Is. tNs third embodiment achieves the object similar to that of the second enrtjodiment and turther provides 

15 the same effects as those of the second embodiment. 

Fourth Embodiment 

A description will be made hereinbelow of a system arrangement according to a fourth embodiment of the present 
20 invention with reference to Fig. 14. Fig. 14 is an illustration of an arrangement of a multitask processing system accord- 
ing to this embodiment, whereby the power saving is achievable. This multitask processing system further includes a 
different portion in addition to the arrangement of the multitask processing system according to the first embodiment 

In Fig. 14, numeral 401 describes Ul rate indication means for undergoing an indication on Ul (User Interface) rate 
from the user, numeral 402 denotes clock rate changing means for changing clock frequency information on the basis 
25 Of the Ul rate, and numeral 403 depicts Ul rate calculating means for calculating the actual Ul rate on the basis of the 
information on a task under execution. The other conrponents are the same as those with the conesportding nuntiers - 
in the above-described embodiments. 

If lowering the dock rate in order to reduce the power consumpbon. the Ul rate comes down, which results in mak- 
ing (t difficult to satisfy the requirements of the user Contrary to this, if raising the clock rate, the power consunption 
so rises. On the other hand, even if raising the ctock rate to a value exceeding the patience of the user, not only the easy- 
to-use is rrat improved, but also the power consumption increases. Besides, in addition to the Ul processing, the CPU 
power for the task processing always varies, and hence the r^ponsiveness of the Ul varies even at the same clock rate. 
Accordingly, difficulty is encountered to unconditionally specify the dock rate. In this instance, the user designate the 
Ul to try to always attain the optimal ctock rate within its range. 
35 SecorKily, a description will be taken hereinbelow of an operation thereof. 

Fig. 1 5 is a f bw chart showing the processing taken for when the user designates the Ul rate. Referring to this draw- 
ing, a description will be made of an operation taken for when the user designates the Ul rate (S41 1). 

The Ul rate indication means 401 informs the dock rate changing means 402 ot the "spedfied Ut rate" from the user 
(S412). 

<o Sut3sequently the clock rate changing means 402 retains the "specified Ul speed* it receives (S^13). 

Thereafter, the processing begins with a step S429 following character A enclosed by a circle in Fig. 18: 
Fig. 1 6 is a flow chart showing an operation taken at the variation of the clock frequency. Referring to this drawing, 
a description will be made of an operation taken for when the clock frequency comes into change (S^ 1 4) . 
The clock rate determining means 9 detects the fact that the clock frequency varies (S41 5). 
45 Furthermore, the clock rate determining means 9 informs the Ul rate calculating means 403 and the clock rate 
changing means 402 of the clock frequency information after the variation (S416). After this. S423 of Fig. 1 7 is put into 
execution. 

Fig. 1 7 Is a flow chart showing an operatbn taken for when the dock rate determining means 9 Informs the Ut rate 
calculating means 403 of the information on the dock frequency after the variation. Referring to this drawing, a desaip- 
50 tion will be mande hereinbelow of an operation taken for when the clock rate determining means 9 informs the Ul rate 
calculating means 403 of the information on the clock frequency after the variation (S423). 

S423 of Fig. 1 7 signifies the result of the processing inS4i6of Fig. 16. that is. the same as S4 16. For this reason, 
the following processing proceed from S4i6. 

The Ul rate calculating means 403 calculates the actual Ul rate the user takes on the body sensation on the basts 
£5 of the dock frequency Infonmation it receives (S424). 

Furthermore, the Ui rate calculating means 403 gives the calculated Ul rate as the "actual Ul rate" to the dod^ rate 
changing means 402 (S425). 

Still further, the dock rate changing means 402 retains the "actual Ul rate" it receives (S426). After this, the cpera- 
lion advances from S429 of Rg. 18. 
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Fig 18 is a ftaw chart showing an operation for determining the dock rate in the multitask processing system. 
Referring to this drawing, a description will t3e made of an operation by which the clock rate is determined for tne mul- 
titask processing system. 

The clock rate changing means 402 retains the clock frequency information from the clock rate determining means 
9 as the lowest clock rate, and determines "new clock rate' being the next clock rate in the multitask processing system 
as follows on the basis of that "lowest clock rate", "artual Ul rate' retained and "specified Ul rate" (S429). 

"new dock rate" = "lowest clock rate" • " specHied Ul rate" / "actual Ul rate" (Equation 9) 

Subsequently, the clock rate changing means 402 makes a comparison between the determined "new clock rate" 
and the "lowest clock rate" (S430), and if the "new dock rate" is lower than the "lowest clod^ rate", sets tne "new clod< 
rate' as the "lowest dock rate" (S431). Othenwise, the operatbn advances to S433. 

Furthermore, the dock rate changing means 402 gives the "new clock rate" to the clock produdng means 13 

'^*^Following this, the dodt produdng means 13 controls the dock rate to the "new dock rate it" receives (S434), then 
lerminatino the processing (S435). , 

According to this fourth embodiment, the dock rate (system clock) is made as low as possible to reouce the power 
consumption while preventing the user from being displeased at the response speed of Ul, thus realizing the improve- 
ment in easy-to-use. 

Fifth Embodimenl . • , 

Referring to Fig. 19. a description will be made hereinbelow of an an-angement of a multitask processing system 
according to a fifth embodimem of the present Invention. In the illustration, numeral 501 shows supply voltage contrd 
means for controlling an operating voltage of a portable terminal (multitask processing system), numeral 502 depicts a 
supply voltage table which previously stores Information on the task execution time corresponding to a supply voliage 
at every system dod< for a task subjected to the execution request, and numeral 503 denotes power supply means hav- 
ing a function to supply the supply voltage controlled through the supply voltage control means 501 . Incidentally tne 
task managing means 6a in this fifth entoodiment is made to be siperior in function to the task managing means 6 in 
the atx)ve-mentioned first embodiment. . , ^ ■ i 

Fig 20 is a flow chart showing an operation taken for when a task to be executed occurs in the portable terminal 
An operation of the system according to this embodiment will be described with reference to this drawing. 

In the initial- condition, the task managing means 6 sets the voltage value to the lowest operating voHage with 
respect to the supply voltage control means 501 (S510). The lowest operating voltage signifies a voltage without trou- 
bl es when no task occurs, that is, when only task waiting loop processing is in execution e . . 

When the task request means 3 makes a request for the execution of one task to the task managing means 6a, ine 
task managing means 6a knows the task processing request time for the processing of that task referring to tne request 
time register 1 4 o1 the clock rate determining means 9 (S512). 

After the issue of the voltage chanaino instruction from the task managing means 6a to the supply voltage contro 
means 501 , the time taken until the suopiy voltage from the power supply .means 5C3 gets into a stable condition is 
taken to be X In the case of ttie common power supply means 503. this time X is several ms. 

The task managing means 6a makes a comparison in length between the task processing request lime known in 
S512 and the atwve-mentioned time X(S513). ... . . , 

When the task processing request time is shorter than, the time X, that is. in the case tnat, if the task managmy 
means 6a makes a request for the change of the supply voltage to the supply voltage control means 501 . the Drocess- 
ing of the task under the execution request is completed before the voltage value of the power supply trom the power 
swply means 503 is changed and becomes stable so that the supply voltage change produces no effects, the task 
managing means 6a does not issue the request for the change of the supply voltage to the supply vol^ge control 
means 501 but issuing a task-execution instruction to the .CPU 2. so that the task comes into execution (S5-i6)^ 

On the other hand, when the answer of S513 shows thal'the task processing request time is longer than the time 
X that is in the case that the task managng means 6a makes a request for the change of the supply voltage to tne 
supply voltage control means 501 and the task under the execution request is processed at this supply voltage tne tasK 
managing means 6a determines an appropriate supply voltage referring to the supply voltage table 502 so that tne .ask 
requested is finished within the request time (S514) , . . , ^ 

The supply voltage table 502 stores the supfily voltage and the task execution time corresponding to syslern 
dock at every task. Thus, if referring to this table, H is possible to know how to lower the supply voltage so tha. the task 
execution time comes tc within the task processing request time. 

Subsequently, the task managing means 6a nr«kes a request for the change of the supply voltage to ttie supp^^ 
voltage control mearts 501 , while the supply vottage control means 501 controls the power supply means 50^ tc supply 
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a power with a given voftage value to the system. On the other hand, the supply voltage control means 501 returns a 
task executbn permission instruction to the task nianaging means 6a (S51 5). 

Then, the task managing means 6a executes the task in response to the task execution permission instruction from 
the supply voltage control means 501 (S516). 

In genera!, an electronic device consumes power in proportion to the square of the operating voltage from the fol- 
lowing equatioi 10. 

P = V^/R .(EquationiO) 

where P represents a power consumption, V depicts a suppdy voltage and R denotes a resistance. 

That is, suppressing the supply voltage to the necessary minimum has the effect on the saving of the power to be 
consumed. 

Sixth Errt^odiment 

Rg. 21 illustrates an arrangement of a multitask processing system according to a sixth ent^odiment of the present 
invention, which is capable of achieving the power saving. 

In the illustration, numeral 9A represents clock rate determining means, numeral 601 depicts a communication 
resource for actually making a communication with a different system, and numeral 602 signifies conrvnunication control 
means for controlling and managing the communication resource. 

In addition, in the same illustration, numeral 603 indicates a communication resource initializing instruction the 
communication control means 602 sends to the communication resource 601. numeral 604 stands for communication 
en-or information to be delivered to the comnnunication control means 602 when an communication en-or occurs in the 
communication resource 601, numeral 605 represents a communication request issued from the CPU 2. numeral 606 
designates communication mode information to be sent from the communication control means 602 to the clock rate 
determining means 9A. and ruimeral 607 shows ctock-up request information to be sent from the communicaton con- 
trol means 602 to the clock rate determining means 9A. The other components are the same as the corresponding ones 
in the other enrtoodiments. 

Fig. 22 is a block diagram showing a detailed an^ngement of the clock rate determining means 9A. In the illustra- 
tion, numeral 608 represents a communication mode information register for storing the communication mode informa- 
tion 606 delivered from the communication control means 602, numeral 609 desaibes a clock-up request register for 
storing the clock-up request information 607 sent from the communication control means 602. numeral 610 depicts 
processing rate determining means for determining an operating ctock (system clock) of the multitask proces^ng sys- 
tem at communication, and numeral 61 1 denotes an operating clock table for storing the lowest rate CPU operating 
dock informatbn corresponding to the communication speed which allows the nornrwl communication. 

Secondly, referring to Figs. 21 and 22. a description will be made hereinbelow of an operation of the system accord- 
ing to this embodiment. 

In cases where the communication request 605 is made by the CPU 2, the communication control means 602 
receives the communication request 605 and sends the communication resource initializing instruction 603 to the com- 
munication resource 601 to initialize the communication resource 601 . At the same time, the communication control 
means 602 communicates to the dock rate determining means 9A the tact that this multitask processing system is in a 
communication state and the present communication mode information 606, 

The dock rate determining means 9A puts the communication mode informatbn 606 in the communication mode 
information register 608. In addition, the dock rate determining means 610 derives the value of the operating clock cor- 
responding to the contents of the communication mode information register 608 from the operating dock table 61 1 and 
confirms that no clock-up request information is stored in the clock-up request register 609 and sends operating clock 
deterhiination information to the clock execution frequency register 21 to set the operating dock for this system, so that 
the operating dock of this system is modified to the lowest rate value corresponding to the communication speed. 

Furthermore, in case thai a communication enor occurs during the comnrwnication. the communication resource 
601 sends the communication error information 604 to the communication control means 502. The communication con- 
trol means 602 forwards the dock-up request information 607 to the clock rate determining means 9A in order to elim- 
inate the communication error. 

The dock rate detern^ning means 9A stores the dock-up request information 607 in the dock-up request register 
609. Further, the processing rate determining means 610 picks up the operating clock value corresponding to the con- 
tents of the communication mode infornnation register 608 from the operating dock table 61 1 and. in response to the 
request in the clock-up request register 609, makes a determination of speeding up the operating dock of this system 
by one rank and forwards the operating dock detenmination information to the clock execution frequency register 21, 
with the result that the operating dock of this system changes. Simultaneously, the processing rate determining means 
610 changes the information of the operating clock table 61 1 to the aforesaid value. 
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SSJngratedeterminingmeanseiOalsochangestheinformati^ , 
Thus the CPU 2 can execute the processing a. the Iciest rate operating dock even .n the ca.nr,un.cat.on corri.- 

Fig. 23 is a flow chart shoeing ar, operation ot the clock rate determining means of this system when t^ing in the 

""ThenTe^C^rs in Fig. 21 makes the communication request 605, the communicaton control m^ns 602 initial- 

the power consumption. 
Claims 

1. A multitask processing systenrt connprising: 

t«<;k reauest means for issuing a task request when a task to be executed occurs in said system, and further 

... plying said dock signal to said CPU 
task managing information. 

quency tatjie on the basis ot said request time and said execution time. 



cution time satisfies said request time . 



a user. 
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6. The multitask proc^ing system according to claim 5. further comprising Ul rate calculating means for calculating, 
on the basis o1 a dodk frequency determined by said clock rate determining means, an actual Ul rate a user takes 
on his body sensation, said dock rate changing means changing said clock frequenc>' and over a range of said 
clock frequency determined by said dock rate deternr^ning means on the basis of said specified Ul rate, said dod< 
frequency determined by said dock rate determining means and said actual Ul rate, 

7. The multitask processing system according to claim ^ . further comprising: 

used resource dedsion means for deciding a resource used for a task on the basis of task processing contents 
coming from said task managing means; 
. power consumption calculating means for calculating a power consumption of said resource; and 
priority determining means for determining a priority ot a task on the basis of said resource and the calculated 
power consumpticn of said resource and for communicating the detennined priority to said task managing 
means. 

8. The muHitask processing system according to claim 7. wherein said priority determining means attains powers for 
tasks on the basis of said resource and said power consumption of said resource and determines priority levels of 
said tasks In the order of decreasing power. 

9. The muHitask processing system according to claim 1 . further comprising: 

resource control means for controlling a resource and for communicating identification infonnation on a task 
and a resource operating instruction; 

power consurrtption calculating means for calculating a power consumption of said resource; and 

priority determining means for determining a priority of a task on the basis of said resource and the calculated 

power consumption of said resource and for informing the determined priority to said task managing means. 

1 0. The multitask processing system according to daim 9. wherein said priority determining means obtains a power for 
a task on the basis of said resource and said power conajnrption of said resource and determines priority levels of 
tasks in the order of decreaang power. 

1 1 . A multitask processing system comprising: 

task request means for issuing a task request when a t^k to be executed occurs in said system and further for 
communicating task processing request time information depending upon said task to be executed: 
task managing means for managing the order of task processing to be conducted by a CPU and for issuing 
task managing information; 

clocK rate determining means tor storing a request time for each task in a request time register on the basis of 
said task processing request time information and said task managing information; 

supply voltage table for storing a task execution time to a s/stem clock and a supply voltage at ever>' task; and 
sipply voltage contrd means tor contrdling a supply voltage for said system. 

wherein, in response to the issue of said task request, said task managing means makes a request for 
chance of said system supply voltage to said supply voltage control means referring to said request time reg- 
ister, "said supply voltage table, and a stabilization «me taken until said supply voltage stably lies at a given 
value. 

12. The multitask processing system according to daim n. wherein, when a request time for a task on said task 
request is longer than said stabilization time, said task managing means obtains a supply voHage so that an exe- 
cution time for said task on said task request is within said request time and makes a request for change of said 
system supply voltage to said supply voltage control means. 

13. A multitask processing system comprising: 

task request means for issuing a task request when a task to t>e executed occurs in said system: 

task managing means for managing the order of task processing to be conducted by a CPU and for issuing 

task managing information; 

communication control means for controlling and managing a comnujnication resource and for producing com- 
munication state information: 

clock rate determining means for determining a low-rate and optimal ctock frequency in accordance with said 
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communication state intormation; and . ^ * . .^^twinn 

Clock producing means for producing a clock signal corresponding to said clock frequency and for supplying 

said clock signal to said CPU. 

. 14 The multitaskorocessing system according to claim 13. wherein, when said CPU makes a communication request, 
IJ^ToZSon S^mear^ infor-r^s^d dock rate determining means of the present commun«at,on mode 
SSSZiS— nication state Information, and said dock rate determining -^ns .^^^ «"°P^^*;9 
iring lowest-rate CPU clock frequency information corresponding to a ^°'^""'=^*'°"JP^!°^,7': 
nSconmunicaTon and determines a dock frequency coresponding to said commun,caton moos .nformaton 

JO through the use of said operating cloci' table. 

1«; ThP multitask orocessinq system acceding to daim 14, wherein said communication control means informs said 
do:"l detS^^ 01 docx-up' request information as said --^^'^f^^Tck^S^^^^^^ 
receiving communication error information from said communication resource, and said dock rate oeterm ning 

,5 rjnTsperTtSJ determined clocV. frequency by one rank when receiving said dod.-up request .nformat,on, 

16 Themultitaskpracessingsystemaccordingtodaim14,where,nsaidclod<ratede1erminingmeansslow^^^^ 

deteTmr-ed clock frequency by one rank when no communication error occurs for a given per.od of time dur.ng 
communication. 
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FIG. 3 
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